Background: Intestinal Parasitic diseases are very well-known in the entire world. In humans, neopterin is considered an indicator of immune activation and inflammation. The aim of this work: is to compare serum and fecal neopterin levels and to evaluate clinical usefulness of determination of fecal neopterin level in children with intestinal parasitic infections. Methods: Forty four pediatric patients with intestinal parasitic infections were included in this study and twenty healthy children without the symptoms of an acute or chronic infection were taken as control. Serum and fecal neopterin levels were determined by enzyme-linked immune sorbent assay. Results: Serum neopterin level was significantly decreased but fecal neopterin level was highly significantly increased in infected patients compared to healthy controls (p=0.030, <0.001 respectively). Fecal neopterin was significantly associated with severity of symptoms and Entameba histolytica load (p<0.001 for each). Significant differences were found between high and low groups regarding severity of symptoms, and E.histolytica load. Conclusion: Fecal neopterin is more accurate than serum neopterin and it is a sensitive measure of intestinal inflammation in case of parasitic infection.
INTRODUCTION
Intestinal parasitic contaminations are widely recognized. About 3.5 billion people are estimated to be affected while 450 million are evaluated to be ill because of these infections, with taking in consideration that the majority of the above mentioned numbers are children [1] . The expansion is high in developing countries, probably not only due to the poor sanitary conditions and improper personal hygiene, but also due to poverty, illiteracy, hot and humid weather conditions and contaminated water [2] . Despite that symptomless intestinal parasitosis is the most common worldwide, many suffer from diarrheal disease which is the second leading cause of death in young children. Many authors argue that severity of disease is dependent on parasites burden however it is well known that even those with moderate intensity of infection is linked to growth stunting and low cognition compared to non-infected children. Approximately 39 disability-adjusted life years (DALY) is associated with enteric parasitic infections, thus representing a major global and economic burden [3] . So, there is a need for a quick and sensitive method to explore etiopathenic mechanism of a parasitic disease and determine whether treatment is needed or not [4] . The pteridine neopterin was first isolated in 1963. In humans, neopterin is synthesized by monocytes, macrophages, microglia, and dendritic cells from guanosine triphosphate (GTP) in response to IFN-γ from activated CD4+ and CD8+ T cells and natural killer cells. So, it is considered as an indicator of immune activation and inflammation [5] . Determination of neopterin concentration has been performed using many body fluids as serum [6] , urine and CSF [7] . Fecal neopterin levels are 1000 times higher than its level in serum. Dietary sources are not likely to cause elevation in its level in stool. Serum and urine neopterin had been correlated with clinical courses of diseases [8] . To the best of author knowledge there is no study comparing fecal and serum level of neopterin in intestinal parasites. The aim of this work is to compare serum and fecal neopterin levels and to evaluate clinical usefulness of determination of fecal neopterin level in children with intestinal parasitic infections.
MATERIALS AND METHODS
Forty four pediatric patients with intestinal parasitic infections -from Mansoura University Children Hospital -were included in this study from the 1st of January 2016 until the end of December 2016. Exclusion criteria were recently vaccinated children with live vaccine within 6 months before the study, autoimmune diseases, malignancy, known viral infection , positive stool bacterial culture, children who had undergone antibiotic therapy or immunomodulation therapy within 3 months before the study and children with eating disorders (above the 97th percentile and below 3rd percentile). Twenty healthy children who don't have any acute or chronic symptoms were taken as control. Serum neopterin levels were determined using a commercially quantitative enzyme-linked immune sorbent assay kit. (Sun Red, Shanghai,www.sun red bio.com). Fecal neopterin levels was done using half milliliter of 0.9% saline added to 0.1-0.2 g of defrosted stool, which will be agitated for 30 minutes and then centrifuged for 20 minutes at 3,500 rpm. The removed supernatant was used for the determination of fecal neopterin levels using a commercially quantitative enzyme-linked immune sorbent assay kit. (Sun Red, Shanghai,www.sun red bio.com). The stool examination was done by direct smear, Formol-Ether concentration method, acid fast stain were used for Coccidea, Gomori's trichrome stain, Weber's trichrome stain for Microsporidia and agar plate culture for Strongyloides stercoralis. Parasites cyst load were determined by examining stool sediment by haemocytometer: 10-100 cysts/ 0.1 ml were considered (+), 100-1000 cysts/ 0.1 ml were considered (++), < 1000cysts/ 0.1 ml were considered (+++). The approval from Institutional Research Board (IRB) at faculty of Medicine, Mansoura University, was obtained with code number R/16.10.39. A verbal approval from the children parents was gotten to participate in the study, with taking in consideration, there rights to with a full right to retreat with assurance of confidentiality and anonymity of the data. The statistical analysis of data was done using excel program (Microsoft office 2013) and SPSS program version 20. Kolmogorov-Smirnov test was done to test the normality of data distribution. Qualitative data were presented as frequency and percentage. Chi square or Fisher's exact tests were used to compare groups. Quantitative data will be presented as median and range. For comparison between two groups; Mann-Whitney test was used. Diagnostic performance was determined by constructing a "receiver-operating characteristic" (ROC) curve and calculating the area under the ROC (AUROC) curve. From these curves, sensitivities, specificities, best cut off values were established, which will be the values that maximized the sum of sensitivity and specificity to identify patient status. Diagnostic validity was estimated using sensitivity, specificity, positive (PPV) and negative (NPV) predictive values. Correlation coefficient was used to examine the correlation between parameters. p is significant if > 0.05 at confidence interval 95%.
RESULTS
Table1 showed the characteristics of our patients study. Comparison between patients and controls regarding serum and fecal neopterin levels shows that serum neopterin level was significantly decreased while fecal neopterin level was highly significantly increased in infected patients if it is compared to healthy controls (p=0.030, <0.001 respectively).No significant differences were found concerning serum versus fecal neopterin levels in infected children (p=0.878). 
DISCUSSION
Monitoring changes in immune system and intestinal inflammation during an intestinal parasitic disease is very important to determine the necessity for antiparasitic chemotherapy. In this study, it was found that neopterin concentration was significantly decreased in serum and highly significantly increased in feces in cases when compared to controls. Parasitic diseases exemplified by Giardia lamblia showed that serum neopterin was lower than control before anti-parasitic therapy but after elimination of Giardia lamblia there was an increase of neopterin concentration. down regulate their parasitical effects. Also, E. histolytica has developed several strategies to modulate macrophage responses. L-arginine, a substrate of macrophage NOS, was converted by amebic arginase to L-ornithine, thereby limiting NO production by macrophages [9] . Cyclooxygenase (COX) in amebae can make prostaglandin E2 (PGE2), elevating the cyclic adenosine monophosphate (cAMP) levels in macrophages. This, in turn, prevents protein kinase C (PKC)-mediated expression of class II MHC. Moreover, monocyte locomotion inhibitory factor (MLIF) has been involved to modulate macrophage function by inhibiting NO [10] . To resist complement, the parasite has two mechanisms. Antigenic cross-reactivity with the MAC-inhibitory protein CD59 and Gal/GalNAc lectin, inhibits the formation of the C5b-9 complex, and thus prevents lysis by MACs. Additionally, CPs can cleave complement factors [11] . Serum neopterin concentration showed poor discrimination between cases and controls, while fecal neoptrin showed excellent discrimination. No significant differences were found between high and low groups of serum neopterin regarding age, height, weight, fecal neopterin, symptoms, E. histolytica and Giardia lamblia loads. Since most of parasites reside in the lumen of the intestine, it is unlikely that blood immunity as serum anti-parasitic antibodies, complement, macrophage products, serum neopterin play a role in controlling parasite numbers within the lumen of intestine [12] . On the other hand, serum neopterin had a major role in blood parasitic diseases as malaria or trypanosomes. Neopterin concentration proved to be elevated even in a mild course of malaria.
In patients with the highest neopterin concentrations, the most clinically severe course of the disease was observed. Among those infected with Plasmodium falciparum, in 94% of patients the course of the disease and treatment could be monitored using urine neopterin concentration. In eastern African trypanosomiasis, neopterin were the best in discriminating between the two stages (S1 and S2) of disease [13] . Fecal neopterin showed highest discrimination which is the result of local production of mucosal immunity by macrophage and T-cells as cell-mediated immunity plays an important role at the mucosal sites. Lymphocytes are found in large numbers in the lamina propria, in peyer patches, and within the epithelial layer. Also, there is large population of antibodyproducing plasma cells that are secreting primarily IgA antibodies [14] .
Fecal neopterin was significantly associated with severity of symptoms and Entameba histolytica load. From asymptomatic Giardia lamblia infected patients with normal absorption, the duodenal and/or jejunal biopsies demonstrate preserved villous architecture with or without signs of epithelial damage, and no increase of intraepithelial lymphocytes. On the contrary, symptomatic patients with proven intestinal malabsorption are likely to show inflammatory expansion of the lamina propria and increased intraepithelial lymphocytes [15] . Also, in amoebiasis histolytica, asymptomatic patients or those with only mild symptoms, histologic findings may range from normal to a heavy mixed inflammatory infiltrate. Organisms are may be particularly difficult (if not impossible) to be detected in these patients. Histologic evidence of invasive amebiasis is not generally seen in patients who have only mild, or absent, symptoms [16] . It is also reported that in giardiasis that histopathology of intestine is not related with either the degree of the disease or the number of parasites which can explain why inflammatory marker as fecal neopterin not correlated to Giardia lamblia load.On the other side, fecal neopterin was correlated to Entamoeba histolytica load because of with either asymptomatic or symptomatic infection, both cell-mediated and humeral immune responses to E. histolytica are developed. Moreover, the host responses may not only provide defense for the host but also it is a principal ingredient in the disease process, as with many infectious diseases [17] . When intestinal epithelial cells (IECs) were exposed to E. histolytica trophozoites, potent chemokines were excreted. This led to immune cell induction and infiltration of immune cells (as T cells and macrophages) in both lamina propria and intestinal epithelium [18] . In this study, Schistosoma mansoni infected patient had high both serum and fecal neopterin of 9.1 nmole/L, 10.8µmole/L respectively, and also Enterobius vermicularis infected patient had higher fecal than serum and neopterin of 8.9nmole/L, 7.8 µmole/L respectively. The main etiopathogenic effect of schistosomiasis is chronic inflammation to ova not adult. Antigens from viable schistosome ova stimulate macrophages to secret fibroblast-stimulating factor. There was a statistical significance increase in neopterin level in the Schisto mansoni infected non-treated group when compared to the control group. Neopterin levels may serve as an indicator of fibrogenesis [19] . Serum neopterin was also assessed as a disease marker in human Schistosoma mansoni infection and levels were found to reflect the extent of hepatic involvement with higher levels found in patients with hepatomegaly. Treatment with praziquantel led to a normalization of serum neopterin levels as a result of a reduction of egg induced immunopathology. Regarding pinworms which is mostly found in the intestinal lumen mucosal, ulceration and inflammation may be occurring. Also, invasive enterobiasis is mostly found in appendix so it expected that fecal neopterin will be high [20] .
CONCLUSION
Fecal neopterin is a more accurate than serum neopterin and it is a sensitive measure of intestinal inflammation in case of parasitic infection.
